Controversy exists regarding anesthesia and surgery in the seated position. Albin and others question the continued use of this position in light of reports of mortality from arterial air embolism (AAE) in the absence of a patent foramen ovale (2, 19) . Others do not argue about continuing to use the seated ! position, but contend that there is no need to have a central I venous or pulmonary artery catheter in such patients because the incidence and severity of air embolism is negligible (14, i I 17, 28) , the complications of catheter insertion are too high (5) , or the air recovery with aspiration is insignificant. How I ever, the incidence of venous air embolism (VAE) is signifi cant in some series (3, 22) , the complications of central catheterization are minimal (6, 7), air recovery is considerable (3, 20) , and mortality and morbidity are low (8) . Transeso phageal echocardiography has demonstrated AAE via a patent I foramen ovale in patients without intra-or postoperative sequelae (1O, 13).
1 Do the advantages, both surgical (exposure, improved ve nous and cerebrospinal fluid drainage) and anesthetic (im proved ventilation, better access to chest and endotracheal tube, less facial and conjunctival edema), outweigh the dis advantages (venous and arterial air embolism, postural hy potension, quadriparesis, injury to the brachial plexus, sciatic, and peroneal nerves, obstruction of the internal jugular veins) of the seated position? These controversies lead to confusion and uncertainty. A review of several hundred sitting patients was done to provide information about risks for patients during the preoperative visit in our institution. An analysis of each case was done to establish the incidence and severity of VAE related to the type of surgical procedure and anesthetic technique, to examine the impact of specific monitoring practices on detection, morbidity, and mortality related to VAE. and to review the incidence of other problems related 695 ! t to the seated position, e.g., hypotension, quadriparesis or quadriplegia. and AAE.
METHODS
From July 1972 to December 1983, 554 patients have undergone anesthesia and operation in the seated position at the University of Maryland Hospital. One hundred eleven cases were analyzed prospectively (1981) (1982) (1983) ) and 443 were analyzed retrospectively (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) . For each case, we re corded age; gender; preoperative diagnoses; vital signs; phys ical signs: operative procedure; monitoring; anesthetic technique and course; intraoperative VAE, AAE, and hypotension; and new postoperative neurological deficits. Each epjsode of VAE was characterized with regard to time after incision, source, duration, severity, morbidity, and mor tality. The severity of each VAE episode was graded on a scale of 1 to 5: 1 = Doppler only, 2 = Doppler + air aspiration, 3 = Doppler + air aspiration + lend tidal CO2 (ETC02), 4 = Doppler + air aspiration + lETC0 2 + hypotension or arrhyth mia, and 5 = major morbidity or mortality related to VAE. Intravascular volume loading with balanced salt solution (7 .to 14 ml/kg) preceded careful, slow positioning in all patients. The procedure was postponed or done in the lateral or prone position if cardiovascular instability existed during position ing. Transducers were placed at the level of the foramen magnum when an arterial catheter was in place, which in cluded aU craniotomy patients. Standard endotracheal tubes were used, and all patients had elastic bandages applied from the foot to the midthigh bilaterally.
Fifteen anesthesiologists were involved; 1 was involved in 75% of the cases. Ten anesthesiologists participated in IO or fewer cases. Twenty-five surgeons performed the operations; procedures (Table 1) . procedures in children age 12 and under were suboccipital cra
niectomies. The average number of cases per year was 46, with a range of 19 to 67 (Fig. 2) . 
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Anesthetic technique and monitoring
VAE,AAE
One hundred thirty patients (23.5%) had at least one epi sode of VAE. Thirty-six patients (6%) had more than one episode (Table 4 ). There were 189 separate episodes (Table  5) ; 23 had only Doppler evidence of air entry (12 %). One hundred twelve patients had 119 episodes of VAE with Dop pler changes and actual air aspiration or a decrease in ETC0 2 without cardiovascular instability (63 %). Twenty-five per cent of VAE episodes were associated with cardiovascular instabil ity (hypotension or arrhythmia) or worse.
There were 13 patients age 12 or under. Central venous catheterization was successful in all of these patients. VAE occuqed in 8 of 13 (62%), all during suboccipital craniectomy ( Table 6 ). Three of the 8 patients (37.5%) developed hypoten sion during the VAE episode. A third of the episodes were associated with changes in Doppler sounds only; in another third, the Doppler sounds changed and air was aspirated with or without changes in ETC02 • A third of the episodes were accompanied by hypotension. In I patient, air was seen in the cerebellar arterioles, the operation was completed with the patient in the left lateral position, and there were no postoperative sequelae. There were no deaths. The incidence ofVAE in children undergoing suboccipital craniectomy was almost double that in the adult population (8 of 11 or 73% vs. 71 of 191 or 37%). Hypotension during VAE episodes occurred more frequently in children (3 of 9 or 33%) than adults (20 of 117 or 17%) during suboccipital craniectomy. The sources of air entry were positively identified in only 70 of the 189 episodes (37%) ( Table 7) . The Mayfield fixation pins were wrapped with petrolatum or bismuth tribromo phenate gauze after two episodes ofVAE related to them were identified. The pins were a source in a subsequent patient when the wrapping became dislodged during operation. The overall incidence of VAE is shown by year in Table 8 and by procedure in Table 9 . The average yearly incidence ofdetected VAE was 5.7% before routine precordial Doppler monitoring was begun. Subsequently, the incidence increased to 32%. Before 1976,33% of39 episodes ofVAE resulted in cardio vascular instability or major morbidity or mortality (Table  10 ). After 1976, the average yearly incidence of VAE was 27%; 25% of 150 episodes resulted in cardiovascular instabil ity. Three of 554 (0.5%) patients had AAE diagnosed by visualization of air bubbles in the cerebellar arterioles. The morbidity directly related to VAE and AAE was 3 of 554 or 0.5%, and the mortality (all before 1976) was 2 of554 or 0.4%.
Twenty-three per cent of all patients received 60 to 70% N20 in O2 • Of the 130 patients with VAE, 29 (22%) received N20, 98 (75%) received oxygen, and 3 (2.3%) received O 2 and air. The number of VAE episodes associated with cardi ovascular instability was slightly higher in the VAE patients receiving O 2 (27%, 38 of 143) than in those receiving N 2 0 (19%, 8 of 42) ( Table II) . The number of patients breathing O2 and air was so small that no conclusions can be drawn. (Table 8) . During 1981, however, there were 4 c;pisodes of unusual severity (Table 10 ). These occurred during cervical laminectomy in 3 patients and during burr hole placement directly over the sagittal sinus in I patient. One of these patients exhibited hypotension to 60 mm Hg systolic and ventricular bigeminy. She had no focal neurological deficits postoperatively and recovered completely. These episodes were potentially more severe due to the presence of N20. Operating time in the VAE patients varied from 75 to 825 minutes, but only 12 procedures (9.2%) took 2 hours or less. Fifty-seven of 189 episodes (30%) occurred within 30 minutes of skin incision, 52% occurred within 60 minutes, 64% oc curred within 90 minutes, and 76% occurred within 120 minutes.
Among the surgeons with more than 24 cases, the overall incidence of VAE varied from 3.5 to 45.8% ( Table I ). The lowest incidence occurred when the surgeon performed no suboccipital craniectomy. During suboccipital procedures, VAE occurred during 0 to 75% of an individual surgeon's cases; the range was 0 to 33% for cervical foraminotomy and laminectomy.
Hypotension and the seated position
I
Hypotension was defined as an intraoperative decrease in systolic blood pressure 20% or more below the lowest preop ( erative systolic blood pressure. Twenty-eight of our 554 pa tients (5%) had postincision hypotension in the absence of I demonstrable VAE (no characteristic Doppler sounds, no air aspiration, no source of air identified). Forty-one episodes were detected. The blood pressure was 20 to 40% below awake values during 27 of 41 episodes (66%) and more than 40% I , below in 14 (34%). Causes were established for 10 (24%) of the episodes: nerve root retraction (4 cases), tumor manipu ( lation (2 cases), blood loss (3 cases), and cerebellar edema (I case). The 31 episodes without identifiable cause occurred in 25 patients in whom a precordial Doppler monitor was used. Four patients had morbidity or mortality possibly related to intraoperative hypotension.
Morbidity and mortality without VAE or hypotension
Two patients had significant morbidity or mortality in the absence of hypotension or demonstrable VAE..One was ~e verely hypertensive and underwent the evacuation .of.an m tracerebellar hematoma. A subendocardial myocardial mfarc tion was diagnosed on the postoperative EKG, but the pre operative EKG had been within normal limits. The other patient had severe cervical stenosis, was quadriplegic imme diately after operation, and died shortly thereafter.
Overall morbidity and mortality
The overall morbidity in 554 patients who underwent anes thesia and operation in the seated position was 1% (6 ~a tients)-2 VAE, I AAE, 2 hypotension, I subendocardial myocardial infarction. The overall mortality was 0:9% .(5 patients)-I VAE, I AAE, 2 hypotension, I quadnplegJa. After 1975. the morbidity was 0.36% and there was no mortality. A separate study is in progress to assess the inci dence and severity of postoperati ve tension pneumocephalus.
DISCUSSION
The overall incidence of VAE (23 %) is consistent with that reported in other series (3, 6, 22) (Table 12 ). Before precordial Doppler monitoring, air embolism was detected less often, but the episodes were more severe. Michenfelder et al. re ported similar findings (21) . Improved detection seems to reduce the severity of VAE, perhaps because earlier recogni tion allows earlier institution of therapy and improves atten tion to surgical hemostasis. More VAE episodes occur during suboccipital craniectomy than during other procedure~, .al though in our experience children undergoing suboCCipital craniectomy and adults having cervical laminectomies or temporal or occipital craniotomies have a higher incidence of clinically significant episodes (Tables 5 and 6 ). Fifty per cent of patients have one VAE episode ( Table 4 ) that occurs by 60 minutes postincision. In a minority of patients, VAE is a late occurrence. The incidence ofVAE during cervical foraminotomy is 8%. If central line placement through the basilic vein is not successful, it does not seem justified to proceed to more invasive. higher risk central access if precordial Doppler and ETC0 2 monitoring are used and surgical hemostasis is metic ulous.
There has been no mortality related to VAE or AAE since 1975; however, there were two instances of morbidity (supra tentorial epidural hematoma in one patient and several hours of unresponsiveness post-VAE from cervical epidural veins in another patient), both with eventual complete recovery.
The number of children 12 and under in this series is small compared with the series reported by Cucchiara and Bowers (9). The incidence of VAE during suboccipital craniectomy in our series was nearly double that in the older patients, whereas in Cucchiara's series the incidence was lower in the pediatric group. The incidence of clinically significant VAE was double that in the adult group in both pediatric series. Central venouS catheterization was successful in 100% of our patients (one cutdown was necessary), compared to 79% in the Mayo Clinic series.
The use of nitrous oxide in seated patients is controversial. Nitrous oxide can increase the size of an air embolus (12) , and it reduces the median lethal dose of air in animals (24) . Also. abrupt increases in the size of a venous air embolus may acutely increase right atrial pressure and predispose to AAE across a probe-patent foramen ovale. When a large air em bolus compromises cardiovascular function, discontinuation of N 2 0 may not allow reduction in bubble size if the N20 cannot be delivered to the lung for excretion. On the other hand, as most clinical air emboli are of the slow infusion type, N 2 0 use may allow early identification of air entry and early obliteration of the source.
Nitrous oxide has been used in all patient series reported (Table 12 ). The present study is the only one in which a significant number of patients did not receive N20; the inci dence and severity of VAE was not higher in the N20 group, and mortality occurred in those not breathing N20. Because N 2 0 use in the present study was not routine until 1981, when the VAE incidence was already in the 20% range and the morbidity and mortality were low, it is not possible on the basis of our data to condemn or condone N20 use in seated patients. Although it does not seem to be responsible for major morbidity in this population of patients, individual episodes of VAE, if not detected early, may be considerably more hazardous in the presence of N20.
Experimentally, air breathing during VAE results in cardi ovascular deterioration at smaller air doses than during O 2 breathing. Because the nitrogen in the venous embolism is excreted through the lungs, it is possible that a high nitrogen concentration in the alveoli will limit the gradient for excre tion and cause more severe cardiovascular effects (29) .
The patients who developed hypotension and in whom a cause could not be identified may have had VAE as the etiological factor because 6 of these' patients had no Doppler monitor in place. Bedford et al. (6) and Michenfelder et al. (22) reported episodes of VAE without Doppler change, but with air aspiration via a central or PA catheter. All 41 patients with hypotension had central catheters in place, but no air could be aspirated. Catheter migration after positioning can not be ruled out.
Neurosurgery, Vol. 17, No.5 AAE proven by visualization of air in the cerebellar arteries occurred in 3 of 554 or 0.54 % of all' patients and in 3 of 130 (2.3%) VAE patients. If 25% of the population has a probe patent foramen ovale (II) and 23% of the patients have VAE, then approximately 5% of the patients are at risk for AAE. Volume loading and early therapy of VAE may account for the lower observed incidence (25) . It may be that AAE is usually not detected and usually does not result in neurolog ical or cardi'ovascular sequelae (10, 13) .
One patient without VAE or hypotension died. This was probably related to the additive effects of surgical trauma and moderate reductions in the perfusion ofthe spinal cord related to the seated position in a patient with severe cervical stenosis (canal smallest diameter, less than 10 mm) and myelopathy. It is not clear whether head position changes affect vertebro basilar blood flow or whether flexion of the head and stretch ing of the spinal cord reduce spinal cord blood flow (15, 18, 27, 31) . Management ofsuch patients now includes placement on a Stryker frame, application of a Gardner-Wells traction apparatus, awake nasal intubation facilitated by use of the fiberoptic laryngoscope, awake turning to the prone position, and, in a few instances of severe myelopathy, somatosensory evoked potential monitoring. Laminectomy is done with a high speed drill, and the laminae are elevated en bloc. No patient with severe myelopathy has exhibited postoperative neurological deterioration since such precautions have been instituted.
The subendocardial myocardial infarction observed in the hypertensive patient with a cerebellar hematoma would prob ably have occurred regardless ofthe position during operation. This patient exemplifies the dilemma faced when treating patients with cerebellar or other intracranial hematomas, who often present for operation with marked systolic and diastolic hypertension. Attempts to reduce blood pressure may reduce cerebral perfusion pressure (CPP) by decreasing mean arterial pressure and increasing intracranial pressure after the intra venous use of nitroglycerin, nitroprusside. or volatile agents. The neurological outcome may be worsened. On the other hand, severe hypertension may compromise myocardial oxy gen availability (demand greater than supply) related to in creased afterload. If attempts to reduce blood pressure are made, they must be coupled with maintenance of adequate CPP and coronary blood flow. Many of these patients do not have intracranial pressure monitors in place; hence, CPP cannot be calculated, only estimated. Occasionally, an abrupt fall in blood pressure occurs when the hematoma is evacuated; the blood pressure decrease may be more severe if pharma cological agents have been used to reduce the blood pressure. Indeed, the level of CPP required in an individual patient cannot be estimated subjectively or objectively (electroen cephalogram, evoked potentials, level of consciousness) in the usual emergency situation where, in addition, preoperative "normal" blood pressure is not known.
There were no cases of peripheral nerve palsy or lingual or laryngeal edema. Postoperative 9th and 10th nerve abnor malities were either present preoperatively or expected as a result of the surgical procedure.
The controversy surrounding the use of controlled ventila tion vs. spontaneous ventilation is based on the argument that spontaneous ventilation is necessary when brain stem function may be compromised by the surgical procedure (16. 23) . Encroachment on pontine and medullary cardio respiratory centers will produce respiratory pattern changes as well as simultaneous cardiac rhythm disturbances. Hyper carbia may develop during spontaneous ventilation in the anesthetized patient and lead to an increase in intracranial pressure. During clinical and experimental VAE, a gasp reflex ';,ithout muscle reiaxants may prevent hypercarbia and ele lated intracraniai pressure, but will not reliably prevent the " :;:asp reflex. The addition of muscle relaxants reduces abdom bal muscle tone and may reduce venous pressure at the r surgical site compared to that during controlled ventilation s ';yithout muscle relaxants (21) . However, adequately main :ained muscle paralysis will more likely prevent the gasp ~eflex. The incidence of VAE was not higher in this series, s when controlled ventilation with muscle paralysis was used, than in the series of Michenfelder et aI., in which controlled j ventilation without muscle relaxation was used (21) . s PEEP increases intrathoracic pressure and may reduce the negative pressure gradient between the incision and the heart. However, PEEP levels of 10 cm H 2 0 or more may signifi cantly reduce mean arterial pressure and increase the right atrial to left atrial pressure gradient without reducing the t gradient from incision to heart to below -5 cm H 2 0, which 1 has been shown to be the threshold for air entrainment (4, 
